tions have to be arranged in a certain order to account for the observations, the experiments force upon us an extension of the existent theoretical picture of photosynthesis. Further it was found that the poisons act differently when introduced to the algal suspensions before instead of after adaptation to the hydrogen metabolism. The paper has been divided, therefore, into two parts, the first concerning the stationary state of photoreduction, the second the transitions from photosynthesis to photoreduction and back.
Mahods
The manometric measurement of normal photosynthesis following the well known procedures needs no comment. For the study of photoreduction, the algae (Scenedesmus, Rhapldium, A nkistredesmus) are suspended either in bicarbonate or phosphate buffers and incubated for several hours in atmospheres of either H2; H~ with 4 per cent CO~; N2; or N2 with 4 per cent C02. Non-volatile poisons are stored in the side arm of the manometers; carbon monoxide was introduced into the vessel either pure or in a mixture with other gases. The only difficulty encountered was with cyanide solutions, because in protracted experiments the time is long enough to allow hydrocyanic acid to distill from the more concentrated solutions in the side arm into the algal suspension. It is necessary therefore to introduce the cyanide solution into the side arm of the vessel only a short time before use, either by letting the solution flow in through a vent stopper, or by smashing a glass bulb containing the poison by turning a ground-in paddle (see Fig. 14 in Paper III). The widespread image of a light source produced by a cylindrical lens was the simple means to illuminate a row of vessels with equal intensity, the light sources being incandescent lamps ranging from 200 to 1,000 watts. Several wire screens allowed for further adjustments of the intensity. It should be pointed out that photoreduction in unpoisoned cells tolerates only rather low intensities lying within a range, where in normal photosynthesis the rate would be proportional to the intensity.
Part I. Photoreduction in the Presence of Poisons
(a) Cyanide.--It is well known that respiration as well as photosynthesis in plants is influenced by cyanide. Usually it is possible to separate these reactions from each other by means of the proper concentrations of poison because the sensitivity towards cyanide is different. With rising concentrations of cyanide either photosynthesis (e.g. Chlorella (8)) or respiration (e.g. Scenedesmus (9) ) is poisoned first, leaving the other process more or less undisturbed and thus revealing whether or not any connection exists between these metabolic processes.
While the nature of the cyanide inhibition appears to be similar in many plants, the amount of cyanide necessary to attain the same degree of inhibition varies not only from species to species but also with time in the same plant (Goddard (10)). The simplest explanation is that a plant cell containing a large surplus of the respective enzyme molecules will be less sensitive to the poison than a cell containing only a barely sufficient number. Putting half the number of enzyme molecules out of action may mean only a slight inhibition of the overall reaction in the first case and 50 per cent inhibition in the second. It is therefore more or less a matter of chance whether in a certain plant two different reactions sensitive to cyanide will be inhibited at sufficiently different concentrations of the poison so that it is possible to separate and to distinguish the effects.
In Scenedesmus there are at least three cyanide-sensitive reactions, 1), respiration; 2) photosynthesis and photoreduction; and 3) the adaptation to photoreduction. It is easy to distinguish between the sensitivity to cyanide of photoreduetion and of the adaptation reaction because the same concentration of cyanide produces quite different results when added aerobically before the adaptation or anaerobically after its completion. Cyanide, however, has also a tendency to enhance the return to aerobic conditions. This fact makes it difficult to decide whether photoreduction, which is clearly less sensitive than the adaptation reaction, is on the other hand more sensitive to cyanide than normal photosynthesis. In Table I the algae have been under anaerobic conditions for a period of many hours before cyanide was added. The inhibition of photoreduction caused by 1.25 )< 10 -* M cyanide is much greater than of photosynthesis. Especially at low light intensities this concentration of cyanide hardly diminishes the rate of photosynthesis in Scenedes-mus (see Table I in reference 9). Are we allowed to conclude that the actual photochemical reduction of carbon dioxide is more sensitive to cyanide when proceeding with the absorption of hydrogen than with the production of oxygen? The data in Table II indicate that under anaerobic conditions the effect of cyanide must be a complex phenomenon and not due merely to an inhibition of the reduction of carbon dioxide. The presence of hydroxylamine in addition to cyanide increases the rate of carbon dioxide reduction as compared with the low rate found in presence of cyanide alone. We shall discuss this observation more in detail later in connection with the reactions leading to the return to normal aerobic photosynthesis. One thing, however, appears to be certain--normal photosynthesis is not more sensitive to cyanide than photoreduction. This is of some importance because it has been stated before (1) that the difference between the two forms of carbon dioxide reduction consists probably only in the ways by which the oxidized photoproducts are removed. They are either decomposed with liberation of free oxygen or reduced to water by hydrogen. If this be true our results with cyanide would prove that it is not the oxygen-liberating system which is responsible for the well known cyanide inhibitions of photosynthesis. Since this agrees with the observation on purple bacteria (2), as well as with those on the dark absorption of carbon dioxide in plants (Ruben, S., et al. (4) )and the flashing light experiments of Weller and Franck (6), we should return to Warburg's(8) very first conception and say that it is the fixation of carbon dioxide to the assimilatory system preceding all the photochemical reactions which is predominantly inhibited by cyanide in normal photosynthesis.
(b) Hydroxylamine.--NH20H is a poison which in very low concentrations inhibits photosynthesis strongly in all plants so far tested (11). Since hydroxylamine is a specific poison for catalase, this similarity was considered, until 5 years ago, as being in favor of the assumption that it is indeed catalase which takes part in photosynthesis by splitting hydrogen peroxide formed photochemically. It was easy to disprove this hypothesis by separating catalase activity and photosynthesis in cyanide-poisoned cells and by studying the action of dilute hydrogen peroxide solutions upon the photosynthetic mechanism (9). In addition Emerson (12) had found that variations in the ability to split H20~ were independent of the rate of photosynthesis in different cultures of Chlorella. Nevertheless the similarity which exists between oxygen production in illuminated ceils and catalase activity indicates that the oxygen-liberating system, though not identical with catalase, might be an enzyme of similar constitution and properties (13).
The experiment in Table III shows the relative indifference of the photoreduction with hydrogen towards hydroxylamine in concentrations several times greater than necessary for complete inhibition of photosynthesis. Hence it follows that hydroxylamine in small concentrations is a specific poison for the oxygen-liberating system only. Further proof is given in the experiments of Fig. 1 and Table XXV in Paper III. This clear difference between the effect of small amounts of cyanide and of hydroxylamine on photoreduction prompted an experiment by WeUer and Franck (6) as to the dependency of the hydroxylamine inhibition on the light intensity. Warburg (8) showed long ago that cyanide has no effect on photosynthesis at intensities where the rate of the photochemical reactions determines the overall rate of the process. Contrary to the cyanide effect the inhibition of photosynthesis in Chloretla by hydroxylamine was found to be as great at low as at high intensities. Since the liberation of oxygen from the intermediary oxidized substances ("peroxides") should be a typical dark reaction similar to the fixation of free carbon dioxide in the partial reaction initiating the reduction, this result is hard to understand. Following Gaffron's hypothesis (14) that the induction period in photosynthesis is due to the reversible inactivation of some part in the oxygenliberating enzyme system, Franck, French, and Puck (15) Rate of gas exchange in io rain.
--! (added after adaptation, as required throughout this set of experiments) quickly diminish the rate of hydrogen uptake to about one-half.
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Mterwards the cells, left in contact with say ~ to ~ of this poison for a period of a day, will display rather irregular responses. Eventually the inhibition may become more and more pronounced, even total, or the effect of the poison may fade slowly away. Such side reactions may be expected, because hydroxylamine can react with all sorts of aldehyde and keto groups. The disappearance of the inhibiting effect with time is markedly accelerated in the light. This has been observed already by van Niel (personal communica- This is a strange feature, which appears even more complicated if we consider the influence of the light intensities upon the extent of the inhibition. Fig. 2 shows that doubling the intensity of irradiation may cause a sudden drop in the rate of photoreduction in strongly poisoned algae while Table IX and Fig. 7 in Part II demonstrate the more common case where the rate in poisoned algae still rises with the intensities. The persistence of ca. 50 per cent of the initial rate of photoreduction after poisor~ing with excessive'amounts of hydroxylamine has its counterpart in a few observations where algae apparently normal and unpoisoned doubled their initial rate of photoreduction at a given low light intensity without any visible reason. (See Table III above and  Table XXV the influence on photoreduction, we have to consider the effect on normal photosynthesis. Table IV gives an instance with Chlorella pyrenoidosa, which is the "standard" test object in this field. We shall consider first respiration. All the observations made by Krahl and Clowes (17) on the respiration of the sea urchin egg are easily confirmed with Chlorella. Very small concentrations of dinitrophenol have a stimulating effect. With increasing concentration the stimulation, after reaching an optimum, turns into an inhibition which eventually surpasses 90 per cent (fermentation starting). The prominent part played by the hydrogen ion concentration in connection with the effect of dinitrophenol is reflected by the complete recovery from the total inhibition of respiration (and photosynthesis) after changing the pH in the medium from 5 to 6.5.
A true stimulation of photosynthesis was not observed and is not to be expected. Photosynthesis is not affected by concentrations of dinitrophenol which stimulate respiration. This observation agrees with earlier ones on the differentiating effect of cyanide indicating that the normal tissue respiration in algae has no connection with the photochemical system (13). At the proper pH very small concentrations of dinitrophenol inhibit photosynthesis strongly. The inhibition can be made to disappear by making the suspension medium more alkaline just as easily as in the case of the inhibited respiration (Table IV) . Mter prolonged treatment with the poison, particularly under anaerobic conditions, the reversibility is lost and the cells appear permanently damaged.
TABLE IV

Effea of Dinitropkenol on the Metabolism of the Alga Cklordla pyrenoidosa
Comparison of stimulating and inhibiting doses at two different hydrogen ion concentrations. 0.025 cc. of cells in 6 cc. of phosphate buffer. Temperature: 25 °. Gas phase: air; 4 per cent CO~. Normal rate of respiration --10. Normal rate of photosynthesis = 100. * Here the pH has been changed from pH 5 to pH 6.5, the metabolic rates recovered from the inhibition.
(d) Effect of 2,4-Dinitrophenol upon Photoreduction in Scenedesmu~ and
Ankistrodesmus.--All that has been observed concerning the effect of dinitrophenol upon normal photosynthesis in ChloreUa pertains also to those algae which have a hydrogenase system. Some unimportant differences are found as to the relative sensitivity of respiration and photosynthesis towards the same concentration of poison.
Turning to photoreduction we find in Table V data which show that the anaerobic process is susceptible to the poison to the same extent as photosynthesis. Hence the reactions concerning the evolution of oxygen are not involved in this particular inhibiting effect, at least not manifestly so. In all probability it is the transfer of hydrogen to carbon dioxide which is inhibited. (Compare references 16 and 17, Tables XVII to XIX in Paper II, and Table   XXVI in Paper III.) The same results were obtained with the alga Anklstrodesmus.
Testing the inhibiting power of different concentrations of dinitrophenol (Fig. 3) an unusual induction period was observed on the 2nd day of an experiment for which a satisfactory explanation cannot be offered at present. Table VI , interferes very strongly with photoreduction.
The finding that photoreduction is so sensitive towards carbon monoxide at last gives a fully satisfactory explanation for experiments published several years ago, before the photoreduction with hydrogen in algae had been discovered. It had been a general experience among students in this field that carbon monoxide has no influence upon photosynthesis. The only effect oh- served had been an inhibition of respiration in certain plants. In 1935 it was found (18) that after an anaerobic incubation period photosynthesis started quite differently when the algae had been kept in nitrogen than when they had been in carbon monoxide, prior to illumination. At that time it was assumed that photosynthesis was inhibited initially by products of fermentation (see also (19)) which became oxidized as soon as free oxygen was liberated. Carbon monoxide was supposed to inhibit this secondary utilization of oxygen and thereby, indirectly, the recovery of photosynthesis. In 1940, it was realized that the gas exchange during the "anaerobic induction period" is due to an internal photoreduction of carbon dioxide without the formation of free oxygen (20). Now we see that it is this reaction (involving in Scenedesmus the liberation (Paper II) and absorption of molecular hydrogen) ¢¢hich is sensitive to carbon monoxide. A similar effect of carbon monoxide on photoreduction had been observed previously with the photochemically active red sulfur bacteria (Thiorhodaceae) (21).
Part II. Transition Reactions
Adaptation to Photoreduaion
(a) General Observations.--In addition to what has been published about how the "reduced state" of the photochemical mechanism is established in algae, the following observations ought to be mentioned. At room temperature, it takes about 2 hours of anaerobic incubation in the presence of hydrogen for Scenedesmus to display photoreduction upon irradiation. (At 36 ° this "adaptation" process is considerably shortened.) Yet algae in contact with hydrogen only for the minimal periods are likely to return to normal photosynthesis at much lower intensities than those which were allowed to ferment in the dark for a long period of time. The reversion threshold of the tolerable intensity rises at first with the length of the preceding anaerobic dark period. Part of the adaptation occurs also in an atmosphere of nitrogen, but there is a difference between the anaerobic metabolism in nitrogen and in hydrogen, as shown in Table XIa and XIb in Paper II. Under anaerobic conditions the algae ferment, forming organic acids and free carbon dioxide. The amount of acids and carbon dioxide is approximately the same whether fermentation takes place in nitrogen or in hydrogen. The difference consists in the metabolic exchange of hydrogen. In hydrogen, the algae absorb varying amounts of hydrogen (compare reference 1) while in nitrogen hydrogen is liberated (compare Table XI in Paper II). The rate of hydrogen uptake in the dark declines rapidly with time. With sensitive instruments, however, one can show that this uptake persists as long as the algae are kept under anaerobic conditions and continue to ferment. (Experiments with differential manometer. Rieke, unpublished data.) Part of the hydrogen absorption during the first few hours appears to be necessary for a successful adaptation to photoreduction.
(b) Cyanide Inhibition of Adaptation.--In Scenedesmus (several strains) Rhaphidium, Ankistrodesmus, the adaptation to the hydrogen metabolism is readilyinhibited by small concentrations of cyanide. Of all metabolic processes the adaptation reaction appears to be the one most sensitive to cyanide poisoning. Complete failure to attain the "reduced state" of the photochemical mechanism can often be observed with a concentration of cyanide which 
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scarcely inhibits respiration, fermentation, photosynthesis, and photoreduction, once the latter has been established. Compare the data of Table VII with  those of Tables I and II. When no adaptation occurs the algae absorb either no hydrogen during the anaerobic incubation period or only a fraction of the amount taken up by the unpoisoned control suspension. This indicates that the reduction of some substance (catalyst or enzyme) is essential for the photochemical utilization of hydrogen donors in place of oxygen liberation, and that, once reduced, the r61e of the reduced enzyme in photoreduction (if any) is influenced much less by cyanide. In this connection it should be noted that in the presence of cyanide the system is extremely sensitive to oxygen. Small amounts of oxygen otherwise made harmless by reduction cause the irreversible return to aerobic photosynthesis (see Table XXIII in Paper III).
(c) Effect of ttydroxylamine on Adaptation.--In general, hydroxylamine is a much more potent poison for photosynthesis than cyanide. With concentrations as low as 10 -4 ~s the inhibition can be almost complete. We found that the adaptation reaction also is sensitive towards hydroxylamine, but not more so than photosynthesis. Both reactions are inhibited to about the same extent. Complete inhibition of photosynthesis is accompanied by complete inability of the cells to adapt themselves to photoreduction. Partial inhibition of photosynthesis corresponds to a partial inhibition of the adaptation reaction. We observe that less hydrogen is absorbed by the algae during the incubation time and that upon illumination photoreduction begins and continues at only a fraction of the rate found in the unpoisoned algae. Here again, as in the case with cyanide, it is striking to see that the same amount of poison added after full adaptation does not influence photoreduction at all (Table III above and  Table XXV in Paper III) .
Different samples of algae react somewhat differently towards the same concentration of poison. From the many data, however, emerges again the fact that with increasing amounts of poison the degree of inhibition increases in two big steps rather than gradually. The amount of poison is either not sufficient to inhibit much of the adaptation reaction and the subsequent rate of photoreduction is hardly diminished, or the adaptation reaction is conspicuously reduced and the corresponding rate of photoreduction is only about one-half of that of the control, or the inhibition of the adaptation is complete and neither photoreduction nor photosynthesis is observed in the light. The individual variations from this scheme are large, but its general validity cannot be overlooked.
(d) Dinitrophenol Inhibition of Adaptation.--Since dinitrophenol inhibits
photosynthesis and photoreduction to the same degree, little difference, if any, is observed between adding the poison before or adding it after adaptation. The adaptation reaction seems to be affected least of all. However, not enough experiments have been done to clear up the complication arising from the fact that dinitrophenol is a strong inhibitor for the fermentative production of hydrogen in the dark (Paper II). 
Transition from Photoreduction to Photosynthesis under the Influence of Light
(a) General Observations.--Algae adapted to photoreduction either with free hydrogen or internal hydrogen donors will invariably return to normal photosynthesis if the intensity of radiation surpasses a certain threshold value (which varies with internal factors of the particular strain of algae). The speed of this "turnback" reaction is a function of the excess intensities. It is easier to understand the meaning of the experiments described below in the terms of the explanation we have presented for this effect of intense light (1, 22). We shall repeat it therefore. The explanation was that the intermediate oxidized products resulting from the photochemical dehydrogenation of water, when formed at a rate higher than that of their reduction by the hydrogen donors, start to reoxidize that part of the mechanism which had to be reduced during the adaptation time in the dark. In the course of this process the hydrogenase system becomes inactivated. Once this has been completed, the oxidized photoproducts will again be decomposed with the liberation of oxygen. This view is supported by the following experiments. Low partial pressures of hydrogen speed up the turnback while low pressures of carbon dioxide retard or prevent it (Fig. 4 and Table VIII ). The efficiency of the truly photochemical process in a plant can be tested by illumination in flashing light. The dark intervals between the flashes are made so long that all dark reactions initiated by the absorption of light run to completion before the next flash appears. Under these circumstances the highest yield per flash obtained by increasing the intensity of the flashes is called the flash saturation value, a characteristic of the photochemical system. Rieke (7) found that the value for the saturation of photoreduction in flashing light is the same as in photosynthesis. (Compare Emerson and Arnold (5),)
One sees further in Fig. 4 that a low partial pressure of hydrogen supports photoreduction nearly as well as a high one during the first moments of illumination. We believe therefore that the adsorption of hydrogen to the hydrogenase not the rate of the reduction of the intermediate oxidiZed products is a function of the hydrogen partial pressure.
(b) Turnback in Presence of
Cyanide.--We have seen above that cyanide in very small concentrations prohibits the adaptation; we may say it prevents the reduction of an enzyme and fixes it in its oxidized state. It can hardly be doubted that the turnback is literally the reversal of the adaptation reaction and includes the reoxidation of some catalyst. In fact, when an illumination with a high intensity has lasted only a short while, the "damage" done to the reducing system is repaired in a short time, provided the turnback has not been complete (Table I) . That means, as we believe, that the remaining active part of the hydrogen-transferring system aids in the reactivation of the oxidized part. In presence of cyanide that is not the case. No recovery is possible because all enzyme molecules which happen to be oxidized will remain so. (See Table XXIV hydroxylamine is a strong poison for photosynthesis and hardly an inhibitor for photoreduction (see Table III ). Consequently, the "photoperoxides" should accumulate under the influence of excessive light exactly as in unpoisoned cells and oxidize and inactivate the hydrogenase system. It was found, however, that hydroxylamine interferes with the turnback reaction. Its effect is opposite to that of cyanide. It is retarding instead of enhancing. In other words, the mechanism of photoreduction is protected against the turnback by the presence of hydroxylamine. Fig. 5 shows how the algae adapted to photoreduction when irradiated with an intensity surpassing the threshold intensity will return to photosynthesis in the course of a few minutes, while the presence of some hydroxylamine enables them to continue with photoreduction. The units of the ordinate in this figure are actual manometer readings. Thus the rate of photoreduction (--H2; --C02) is apparently so much larger than that of photosynthesis (+02; --COs). The actua] rate of carbon dioxide reduction expressed in cubic millimeters of gas absorbed per unit of time is the same in both reactions (see reference 1 and Rieke, unpublished data).
The "protection" given by hydroxylamine, however, is not absolute, but only relative to the intensity applied. The higher the intensity at which one intends to maintain photoreduction, the more hydroxylamine one must add. This can be clearly seen in the experiment of Table IX. --+ signifies the turnback reaction. It is important that even if a turnback is avoided the rate of photoreduction does not rise to the values of the light saturation in aerobic photosynthesis.
Whatever intensities or hydroxylamine concentrations are used, the rate of photoreduction at saturation intensities never reaches much more than 200 per cent of the rate found at the "threshold" intensities without poison. As a complication now enters the sensitivity of photoreduction against higher concentrations of hydroxylamine. The rate of the "protected" reaction at the "threshold" intensity is often lower than that of the unprotected one. Yet the early saturation is not likely to be due to this complicating factor. Such a result supports rather the view that the absorption of hydrogen is the reaction limiting the rate of photoreduction. Some emphasis has to be put on the fact that the turn is not prevented completely by concentrations of hydroxylamine which suffice for a total inhibition of photosynthesis. In Table IX , it can be seen that a further increase in intensity may eventually overcome the "protecting" influence of hydroxylamine. Photoreduction comes to an end, but so does photosynthesis. The eventual turnback in presence of hydroxylamine ends in a complete inhibition of any measurable carbon dioxide reduction.
(d) Turnback in Presence of
Dinitrophenol.--There is some similarity in the action of dinitrophenol with that of hydroxylamine described in the preceding paragraph in that it delays the turnback in excessive light. This effect, however, is obtained only at the price of a very strong inhibition of the rate of photoreduction. Even then, the "protection" hardly stands up against any prolonged irradiation at moderate intensities (see Fig. 6 ). The coordinates of Fig. 6 are similar to those of Fig. 5 . Positive pressure changes above the zero line represent photosynthesis, negative pressure changes below, photoreduction. Once the turn has taken place also in the poisoned algae the evolution of oxygen commences at the reduced rate still allowed by the particular concentration of dinitrophenol.
(e) Carbon Monoxide Acceleration of the Turnback Reaction.--Since CO is a very effective inhibitor for all reactions concerning the hydrogen transfer by the hydrogenase system, it is not surprising that the algae return quite readily to photosynthesis when this poison is present (Table VI) . Carbon monoxide has apparently no influence at all upon the rate of oxygen evolution or any other phase of normal photosynthesis. This distinguishes it from all the other poisons discussed above.
CONCLUSIONS AND TttEORY
It is rather fortunate that the four different substances (cyanide, hydroxylamine, dinitrophenol, carbon monoxide) manifest their specific inhibiting power upon enzymatic reactions in so obviously different ways when applied to the study of photoreduction in algae. The amount of information thus gained is considerable as compared with the existent knowledge about the effect of poisons on normal photosynthesis. The essential conclusions which have to be drawn on account of the evidence now available are as follows:
Experiments with Cyanide.--Cyanide has an affinity for at least two different catalysts connected with photosynthesis in algae like Scenedesmus, Rhaphidium, Ankistrodesmus, and probably more species. 1) Cyanide inhibits the utilization of carbon dioxide under aerobic as well as anaerobic conditions. Weller and Franck (6) and Rieke (7) have shown that the truly photochemical process, which can be studied in flashing light, is not sensitive to cyanide. A dark reaction involving carbon dioxide, perhaps the initial reversible fixation (Ruben (4)) is at present the most probable partial reaction which we may consider as affected by cyanide. 2) Cyanide inhibits the adaptation to photoreduction and in strong light or in presence of traces of oxygen hastens the turning back of photoreduction to normal photosynthesis. To avoid contradictions one has to assume that cyanide reacts with a substance which is essential for the function of the hydrogenase system. As long as this substance or catalyst stays oxidized, photoreducfion cannot proceed, and cyanide tends to keep this substance in the oxidized state (perhaps reacts with it only in the oxidized form). Compare the literature on the Pasteur effect (23) and the Pasteur enzyme (24).
Experiments with Hydroxylamine.--Hydroxylamine also produces multiple effects. First of a]l, it inhibits the release of molecular oxygen in photosynthesis. Then it prevents adaptation to photoreduction. Further it protects photoreduction against the internal re-oxidation under the influence of excess light. Finally, in larger concentrations, it limits the rate of photoreduction, without, however, inhibiting it completely.
It is necessary and at the same time sufficient to assume two reactions in the overall mechanism which are inhibited by hydroxylamine in order to give a satisfying picture of these four observations. Since small amounts of hydroxylamine can prevent any and all formation of free oxygen without inhibiting the reduction of carbon dioxide, we conclude that an enzyme involved in the liberation of oxygen has a particularly high affinity for hydroxylamine. From the fact that inactivation by light is still possible while the evolution of free oxygen is prevented in poisoned cells it follows that the inactivation of the hydrogenase system is due not to oxygen but to a precursor, let us say a "peroxide." On the other hand, hydroxylamine in higher concentrations "protects" against the turnback while the reduction of carbon dioxide still continues. This shows that not only the splitting of the "peroxide" but also its formation can be inhibited by this poison, and further that the reduction of the oxidized photoproducts by hydrogen does not necessarily include the intermediary formation of this "peroxide." As compared with the "peroxide" the first oxidized photoproducts must be relatively unstable and harmless. Otherwise the photochemical mechanism would show some change or inactivation upon prolonged irradiation at saturation intensities in presence of hydroxylamine. Table II of Part I an instance has been presented where the combined influences of hydroxylamine plus cyanide on the rate of photoreduction at low light intensities are smaller than that of cyanide alone. This curious phenomenon can now be understood more clearly. In photosynthesis the effect of cyanide is generally attributed to an inhibition of the carboxylation reaction which changes carbon dioxide into the substrate of the photochemical process. At present we have good reasons to believe that this fixation reaction is not altered when the transition to photoreduction occurs. Hence the sensitivity toward cyanide during the stationary phase of photoreduction should be the same as in photosynthesis. The experiments show dearly that this is not the case. The inhibition by cyanide is always greater than expected. On the other hand, the transition phenomena to and from the hydrogen metabolism are much more sensitive to cyanide than any other observable reaction in the cell. We explain therefore the effect of cyanide on photoreduction by assuming that the reactions essential to the transition processes continue to some extent during the stationary phase. This conclusion is supported not only by the irreversible return to photosynthesis, which nearly always occurs after the addition of cyanide, but also by the experiment shown in Fig. 7 . We see that not only the normal return to photosynthesis under the influence of a higher light intensity is inhibited by hydroxylamine, but also the accelerated turnback in cyanidepoisoned algae. In spite of the presence of cyanide the rate of photoreduction increases with the light intensity. Yet, while it seems to offer complete protection against the turnback caused by excessive light, hydroxylamine cannot prevent the eventual, though slow, inactivation due tocyanide. These observations allow us to extend the theoretical picture. We assume that in spite of the presence of hydroxylamine a few "peroxide" molecules are formed continually. The "peroxide" molecules oxidize and inactivate some part of the hydrogen transfer-or hydrogenase system. Since the concentration of the "peroxide" is so small, the reverse reaction, probably identical with the "adaptation," proceeds fast enough to repair the damage. There is no loss of activity. In presence of cyanide the reduction of the oxidized hydrogenase system is, as we know, inhibited. Consequently, the eventual inactivation of the whole process is inevitable.
The Combined Effect of Hydroxylamine and Cyanide.--In
The Effect of Dinitrophenol.--Though similar to the action of hydroxylamine there is little doubt that we have to interpret the effect of dinitrophenol differently. In Part I we have shown that dinitrophenol inhibits the rate of carbon dioxide reduction regardless of whether oxygen is liberated orhydrogen absorbed in the course of the reaction. The slight "protecting" effect against the turn caused by an accumulation of "peroxides" in excessive light goes parallel with an inhibition of the rate of photoreduction and is very likely due to the lower rate at which the "peroxides" are now formed. They simply do not accumulate. The effect of dinitrophenol should be compared rather with the "protection" against the turnback found in absence of carbon dioxide than with the inhibition by hydroxylamine.
The effect of carbon monoxide appears to be solely due to an interference with synthesis but has practically no influence on the rate of photoreduction. Consequently, it is assumed that it acts in photosynthesis mainly by inhibiting the evolution of oxygen. Greater concentrations of hydroxylamine clearly inhibit photoreduction, but diminish the rate to about one-half only. A greater degree of inhibition is obtained only by prolonged incubation.
5. Dinitrophenol was found to inhibit strongly the reduction of carbon dioxide, under aerobic as well as under anaerobic conditions. "A stimulating effect of dinitrophenol can be demonstrated only with respiration or fermentation, not with photosynthesis.
6. Carbon monoxide interferes with all phases of the hydrogen metabolism in algae. It is supposed therefore to be a specific inhibitor for the hydrogenase system. 7. The "adaptation" to the hydrogen metabolism, which takes place if the algae are incubated anaerobically in hydrogen for several hours, is inhibited completely by very small amounts of cyanide. The adaptation reaction is more sensitive to cyanide than most of the other metabolic processes in the same cell. Correspondingly cyanide enhances the return to aerobic conditions, the "turnback," which occurs under the influence of light of high intensities.
8. Hydroxylamine, applied aerobically, inhibits the adaptation reaction to about the same degree as it inhibits photosynthesis. Photoreduction proceeds after the adaptation in presence of hydroxylamine only at a fraction of the rate that it would have if the poison were added later.
9. Hydroxylamine in concentrations of 10 -3 ~ protects the anaerobic metabolism against the return to aerobic photosynthesis which normally occurs under the influence of light of too high intensity. The protection is only relative and the higher the light intensity the more hydroxylamine is needed to keep photoreduction going. Once a "turnback" occurs in presence of much hydroxylamine all photochemical gas exchange comes to an end.
